Physiological angiogenesis in electrically stimulated skeletal muscle in rabbits: characterization of capillary sprouting by ultrastructural 3-D reconstruction study.
Physiological angiogenesis occurs in electrically stimulated skeletal muscles. It is known to start as capillary sproutings, but has not yet been well characterized as ordinary angiogenesis. To characterize the sprouting process during physiological angiogenesis, we carried out an ultrastructural 3-D reconstruction study for the extensor digitorum longus of three adult rabbits under electrical stimulation for 7 days. In addition, hemodynamic and morphological studies were carried out after stimulation for 3, 7, and 14 days. The electrical stimulation induced a twofold increase in femoral artery blood flow and tissue blood flow. This was associated with an increase in capillary density of the muscle by more than twofold at 7 and 14 days. Sproutings frequently appeared at 7 days (4.3 +/- 1.4 x 10(3) sproutings per mm3, 13.3 +/- 6.9 microm in length). All sprouting tips consisted of endothelial cytoplasmic protrusions (ECP). Besides sproutings, there were communicating networks consisting segmentally of ECP (11.6 +/- 5.6 x 10(3) networks per mm3). Endothelial cytoplasmic protrusions began to appear at 3 days, were frequent at 7 days, and disappeared at 14 days, which corresponded well to the changes in blood flow and capillary density. We consider that in physiological angiogenesis, sproutings start as ECP, which contact other capillaries to form networks and become hollowed to form new capillary networks.